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ABSTRACT
Recent photometric studies have revealed that surface spots that produce flux variations are present on
virtually all L and T dwarfs. Their likely magnetic or dusty nature has been a much-debated problem,
the resolution to which has been hindered by paucity of diagnostic multi-wavelength observations. To
test for a correlation between magnetic activity and photometric variability, we searched for Hα
emission among eight L3–T2 ultra-cool dwarfs with extensive previous photometric monitoring, some
of which are known to be variable at 3.6 µm or 4.5 µm. We detected Hα only in the non-variable
T2 dwarf 2MASS J12545393−0122474. The remaining seven objects do not show Hα emission, even
though six of them are known to vary photometrically. Combining our results with those for 86
other L and T dwarfs from the literature show that the detection rate of Hα emission is very high
(94%) for spectral types between L0 and L3.5 and much smaller (20%) for spectral types ≥L4, while
the detection rate of photometric variability is approximately constant (30%–55%) from L0 to T8
dwarfs. We conclude that chromospheric activity, as evidenced by Hα emission, and large-amplitude
photometric variability are not correlated. Consequently, dust clouds are the dominant driver of the
observed variability of ultra-cool dwarfs at spectral types at least as early as L0.
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1. INTRODUCTION
Observational studies have shown that ultra-cool
dwarfs (spectral types ≥M7) can display spectro-
photometric variability with typical timescales of a few
hours (Bailer-Jones & Mundt 2001; Gelino et al. 2002;
Littlefair et al. 2008; Artigau et al. 2009; Radigan et al.
2012; Apai et al. 2013; Koen 2013; Radigan et al. 2014;
Crossfield et al. 2014; Yang et al. 2016). Accurate spec-
troscopic time series using the Hubble Space Telescope
and precise 3–5 µm monitoring with the Spitzer Space
Telescope, as part of the Storms and Weather on Other
Worlds campaigns, indicate that atmospheric spots re-
sponsible for this variability are ubiquitous on L3–T8
dwarfs (Buenzli et al. 2014; Metchev et al. 2015). Some
of these observations, combined with state-of-the-art ra-
diative transfer models, have shown that the detected
spots can generally be attributed to atmospheric dust
clouds that modulate the object’s brightness as it rotates
(Artigau et al. 2009; Marley et al. 2010; Radigan et al.
2012; Morley et al. 2012; Apai et al. 2013; Yang et al.
2015). However, the consistent detection of variability in
the warmest spectral types of ultra-cool dwarfs (late-M
and early L) also points to another possibility: magnet-
ically induced chromospheric activity and hot or cold
star spots, similarly to F-M stars, for which magnetic
activity can produce spots (Strassmeier 1994) that lead
to photometric variability (e.g., Hooten & Hall 1990;
Henry et al. 1995, or Strassmeier et al. 1997).
Magnetic activity can be revealed in different ways,
for example, as emission lines from the chromosphere
(e.g., Ca II H and K lines) or from the transition re-
gion (e.g., C IV), coronal X-rays, radio emission, and/or
spots and flares (Reid 2013, and references therein). In
most cases the observation of these activity indicators
is extremely challenging for ultra-cool dwarfs: observa-
tions at X-rays and radio wavelengths are limited to the
closest ultra-cool dwarfs; while Ca II H and K emissions
(λ3968, λ3933 A˚) are almost undetectable given the low
fluxes of ultra-cool dwarfs at ≤6000 A˚. Several works
on F-M stars have shown that Hα emission is also an
ar
X
iv
:1
70
4.
06
94
0v
1 
 [a
str
o-
ph
.SR
]  
23
 A
pr
 20
17
2 Miles-Pa´ez et al.
appropriate tracer of magnetic activity as it correlates
with the Ca II H and K lines (Zarro & Rodgers 1983;
Pasquini & Pallavicini 1991; Montes et al. 1995), the
C IV line (Rutten et al. 1991), and/or X-rays emission
(Doyle 1989; Young et al. 1989). Hα emission is one of
the most suitable activity indicators in ultra-cool dwarfs,
which emit most of their flux at red optical and near-
infrared wavelengths. Observations of Hα emission have
revealed that virtually all SDSS late-M dwarfs are chro-
mospherically active (Schmidt et al. 2007; West et al.
2011). While for L dwarfs, Schmidt et al. (2007, 2015)
observed a decreasing fraction of Hα emitters into the
Ls; and Pineda et al. (2016) found that 9.2±3.52.1 % of
L4–T8 dwarfs show Hα emission. Star spot-like cool re-
gions with frozen-in magnetic field lines are not expected
in the highly neutral atmospheres of ultra-cool dwarfs
(Mohanty & Basri 2003). However, energetic magnetic
field discharges (∼10 kG) are a potential source of chro-
mospheric heating (“hot spots”) as seen in some late-
M and early-L dwarfs (e.g., Berger 2002, 2006; Berger
et al. 2008; Yu et al. 2011). More recently, optical and
radio aurorae have also been proposed as likely drivers
of some of the observed photometric variability at opti-
cal and near-infrared wavelengths (Hallinan et al. 2015;
Kao et al. 2016).
The likely magnetic or dusty nature of the atmo-
spheric inhomogeneities of ultra-cool dwarfs has been a
much-debated problem almost since the discovery of the
first brown dwarfs (Tinney & Tolley 1999; Mart´ın et al.
2001; Bailer-Jones 2002; Lane et al. 2007). Recent multi-
wavelength photometric studies in early L dwarfs have
shown sinusoidal periodicities that are well-explained by
a thick long-lived cloud. Heinze et al. (2013) presented
data for the L3 dwarf DENIS-P J1058.7−1548 in the J ,
3.6 µm, and 4.5 µm bands, and showed that it is dif-
ficult to account for the observed photometric variabil-
ity by magnetic phenomena unless they are combined
with cloud inhomogeneities. Also, Gizis et al. (2015)
showed that the optical light curve of the L1 dwarf
WISEP J190648.47+401106.8 has remained stable for
∼2 years and in phase with other light curves at 3.6
µm and 4.5 µm, while its variable Hα emission is not
synchronized with the light curves. Such observational
evidence points to the existence of a long-lived cloud.
Nonetheless, with chromospheric activity expected to
produce star spot-like inhomogeneities, it is important
to address the question whether star spots, rather than
dust clouds, may dominate the photometric variability
of active ultra-cool dwarfs. We address this problem
through a combination of deep optical spectroscopy of
a sample of eight ultra-cool dwarfs, whose photomet-
ric light curves have been studied to a high precision
with Spitzer, and a literature sample of 86 photometri-
cally and spectroscopically observed L0-T8 dwarfs. We
seek to answer whether the combined sample shows a
correlation between magnetic activity—probed by the
detection of Hα emission—and photometric variability.
We briefly describe our sample in Section 2 and the ob-
servations and data reduction in Section 3. The main
results of our survey and its combination with literature
data are presented in Sections 4–5. We discuss their im-
plications for the correlation between observed chromo-
spheric activity and photometric variability in Section 6,
and summarize our findings in Section 7.
2. SAMPLE SELECTION
We selected seven L3–L6 dwarfs and one T2 brown
dwarf from the sample of Metchev et al. (2015). Our tar-
gets are among the brightest (J∼13.2–16.3 mag) dwarfs
studied in that work, in which they were continuously
monitored in the 3.6 µm and 4.5 µm bands for a total
of 16–21 h by using the IRAC instrument on Spitzer.
Five objects exhibited photometric periodicities in the
2.7–19 h range, attributed to rotation. Another of our
targets seems to be a long periodicity variable with a
time scale greater than 50 h, and the remaining two did
not show any photometric variability within ±0.91% in
either of the 3.6 µm and 4.5 µm bands.
The full names of our targets, their spectral types,
variability period (if measured), and J-band magnitudes
are listed in columns 1–4 of Table 1. Henceforth we will
use abridged names for the targets. For more details
about the objects we refer to Metchev et al. (2015).
Table 1. Targets information and observing log
Object SpTa Var. perioda (h) J (mag) UT Date Inst. Config. texp
b (s) Air Mass
(1) (2) (3) (4) (5) (6) (7) (8) (9)
2MASS J01033203+1935361 L6 2.7± 0.1 16.29± 0.08 2013 Sep 02 GMOS-N Blue 6×900 1.06−1.00
2013 Sep 29 GMOS-N Blue 10×900 1.00−1.11
2MASS J11263991−5003550 L4.5 3.2± 0.3 14.00± 0.03 2014 Mar 05 GMOS-S Red 8×900 1.12−1.08
2014 Mar 07 GMOS-S Red 8×900 1.07−1.25
2MASS J12545393−0122474 T2 · · · 14.89± 0.04 2014 Mar 09 GMOS-S Red 6×925 1.14−1.19
Table 1 continued
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Table 1 (continued)
Object SpTa Var. perioda (h) J (mag) UT Date Inst. Config. texp
b (s) Air Mass
(1) (2) (3) (4) (5) (6) (7) (8) (9)
2014 May 04 GMOS-S Red 8×925 1.30−1.14
2014 May 05 GMOS-S Red 8×925 1.24−1.14
2MASS J14162408+1348263 L6 · · · 13.15± 0.03 2014 Apr 23 GMOS-N Blue 8×780 1.07−1.40
2MASS J17210390+3344160 L3 2.6± 0.1 13.63± 0.02 2014 May 01 GMOS-N Blue 6×900 1.06−1.03
2014 May 02 GMOS-N Blue 1×900 1.04−1.05
2014 May 06 GMOS-N Blue 1×900 1.07−1.08
2MASS J17534518−6559559 L4 > 50 14.10± 0.03 2013 Aug 30 GMOS-S Blue 6×900 1.23−1.25
2013 Aug 31 GMOS-S Blue 12×900 1.23−1.45
2MASS J18212815+1414010 L4.5 4.2± 0.1 13.43± 0.02 2013 Aug 26 GMOS-N Blue 8×900 1.01−1.09
2013 Aug 29 GMOS-N Blue 6×900 1.04−1.23
2013 Aug 30 GMOS-N Blue 2×900 1.09−1.13
2MASS J21481633+4003594 L6 19± 4 14.15± 0.03 2013 Aug 08 GMOS-N Blue 8×900 1.21−1.07
2013 Sep 01 GMOS-N Blue 5×900 1.21−1.10
2013 Sep 02 GMOS-N Blue 3×900 1.06−1.08
2013 Sep 29 GMOS-N Blue 5×900 1.07−1.09
Notes: a Spectral type and rotation period as tabulated in Metchev et al. (2015). b Number of exposures × integration time in seconds.
3. OBSERVATIONS
We used the two copies of the Gemini Multi-Object
Spectrograph (GMOS; Hook et al. 2004) mounted on
the 8 m Gemini North and Gemini South telescopes to
collect optical spectra of our targets. Observations were
carried out in queue mode between August 2013 and
May 2014.
Five of our targets (J0103+19, J1416+13, J1721+33,
J1821+14, and J2148+40) were observed from the North
using the R831−G5302 grating and the remaining three
(J1126−50, J1254−01, and J1753−65) from the South
with the R831−G5322 grating. At both telescopes we
used a slit of 0.75′′ (pixel scale of 0.08′′) with a bin-
ning of 2 pixels, which yielded a resolution of ∼6 A˚ in
our spectra. In each campaign we also used the second
order-blocking filter GG455 to avoid contamination of
our data with stray light from wavelengths ≤5000 A˚. For
six of our targets we used a central wavelength of 5712
A˚ (“blue configuration”), and for the other two a central
wavelength of 7300 A˚ (“red configuration”). Data col-
lected with the blue and red configurations cover 4670–
6820 A˚ and 6270–8460 A˚, respectively. For each tar-
get we collected between 8 and 21 individual spectra,
by dithering along the spectroscopic slit, with typical
exposure times of 780–900 s. On each night we also
recorded spectra of Cu+Ar lamps with the same in-
strumental setup as used for the science targets. No
standard spectrophotometric stars were observed in any
observing epoch, thus, our final spectra were not cali-
brated in flux. In columns 5–9 of Table 1 we provide for
each target: dates of observations, instrument used, in-
strumental configuration, number of individual spectra
collected multiplied by individual exposure time, and
the range of airmass covered.
We used the Gemini package within the Image Re-
duction and Analysis Facility software (IRAF) for bias
subtraction and flat fielding of the data. We extracted
the spectra using the IRAF apextract standard rou-
tines. We employed typical aperture widths of 20 pixel
centered on the spectroscopic traces, which we fit with
second- to fourth-order Legendre polynomials. We esti-
mated sky backgrounds from two 20-pixel-wide bands,
centered 20–30 pixels away from the trace of the ob-
ject. Figure 1 shows the final wavelength-calibrated
(with a typical uncertainty of ±0.1–0.2 A˚) and median-
combined spectra for all eight targets.
4. RESULTS FROM OUR SURVEY
4.1. Hα emission
The main motivation of our survey is the search for Hα
emission in a set of targets for which we have exquisitely
precise determinations of the presence or absence of pho-
tometric variability. As seen in Figure 1, we detect Hα
in only one of the eight targets: the field T2 dwarf
J1254−01, which is not known to vary photometrically.
Hα emission from this T2 dwarf was already reported by
Burgasser et al. (2003). The remaining seven targets in
our sample—all L dwarfs—do not show any sign of Hα
emission, even though five of them exhibit photometric
variability compatible with rotation.
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Figure 1. GMOS spectra of our targets, taken with the blue and red configurations, arranged by spectral type. Spectra were
normalized by the average value in the region 6790–6815 A˚. Some atomic lines and molecular features are labeled.
Figure 2 shows the locations of the Hα λ6563 A˚ and
Li I λ6708 A˚ lines. Hα emission is not detectable even at
low levels among the seven L dwarfs. We collected spec-
tra of most of our targets, with the exception of the L6
dwarf J1416+13, on at least two different nights. Weak
signs of Hα are not seen in the individual spectra, either.
Therefore, it is unlikely that we have missed a phase of
emission. Note that the photospheric Hα absorption—
seen from F to mid M stars—is not expected in the spec-
tra of ultra-cool dwarfs (≥M7) since their photospheres
are too cool to populate the n = 2 level of hydrogen sig-
nificantly. Thus, Hα can only be present as an emission
line if there is a chromospheric heating (Cram & Mullan
1985; Giampapa 1985; Giampapa & Liebert 1986; Basri
2000).
We measured the pseudo-equivalent width (pEW) of
the Hα emission line detected in J1254–01 by first sub-
tracting the neighboring continuum determined from a
45 A˚-wide region (excluding the 10 A˚ centered in the
Hα line), and then summing the flux contained in the
central 10 A˚ as done in Pineda et al. (2016). We also
integrated the flux in different regions of the continuum
and adopted the average value as the uncertainty in our
pEW. For the remaining 7 targets without Hα emission,
we adopted the same procedure for estimating 3σ upper
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Figure 2. Normalized spectra of our 8 targets zoomed in the
regions that contain the Hα (left) and the lithium (right)
lines. The vertical scale is the same for all targets with the
exception of J1254–01.
limits. These values are given in Table 3.
Table 3. Pseudo-equivalent widths and 3σ upper limits for
Hα and Li I
Object Hα Li I
(A˚) (A˚)
J0103+1935 > -0.6 12.9± 0.2
J1126−5003 > -0.3 ≤ 0.3
J1254+0122 -26.6± 0.2 ≤ 0.5
J1416+1348 > -0.3 ≤ 0.3
J1721+3344 > -0.3 ≤ 0.3
J1753−6559 > -0.3 ≤ 0.3
J1821+1414 > -0.3 13.5± 0.1
J2148+4003 > -0.3 12.6± 0.1
The one target from which we detect Hα emission, the
non-photometrically variable T2 dwarf J1254−01, was
observed at three different epochs: one in March 2014,
and two on consecutive days in May 2014 (Table 1). We
do not detect any obvious changes in the Hα strength
during the ∼2 months that separate the first and the
last measurements (Figure 3). This may point to the
presence of a stable emission region on this brown dwarf.
To investigate the importance of the chromospheric phe-
nomena in the total energy budget of J1254–01 we com-
puted its Hα to bolometric flux ratio. We measured a
value of (4.3±2.0)×10−19 erg cm−2 s−1 A˚−1 for the sur-
rounding continuum of Hα in the flux-calibrated spec-
tra of J1254–01 presented in Burgasser et al. (2003),
which in combination with our pEW yielded Fα =
(11.6 ± 5.3) × 10−18 erg cm−2 s−1. Then we used the
distance and bolometric luminosity given in Filippazzo
et al. (2015) to obtain log(Lα/Lbol) = −5.6±0.2. Previ-
ous works found log(Lα/Lbol) values of –5.8 (Burgasser
et al. 2003) and −5.9±0.2 (Pineda et al. 2016), which are
in agreement with our determination and suggest that
the emission region of J1254–01 could have remained
stable since the first Hα observations by Burgasser et al.
(2003) 13.3 years ago.
Interestingly, J1254–01 did not show any photomet-
ric variability within ±0.15 % (3.6 µm) or ±0.3 % (4.5
µm) during 19 h of continuous monitoring with Spitzer
(Metchev et al. 2015), or within ±1.8 % (I band) or
±4.8 % (Z band) in two observing runs of 4 h each
(Heinze et al. 2015). Sorahana et al. (2013) compared
the infrared absolute flux of this dwarf to models, and
estimated a radius of 0.84 ± 0.05 RJ, which indicates a
high surface gravity (log g≥5.0, Golimowski et al. 2004;
Cushing et al. 2008) and hence, an old object. Combined
with the lack of Hα variability in our observations, accre-
tion of circumstellar material is unlikely as an origin of
the Hα emission. Zapatero Osorio et al. (2006) reported
a projected rotational velocity v sin i = 28.4 ± 2.8 km
s−1. Combined with the radius estimate, this places an
upper limit on the rotation period of 3.6 h. This could
have been detected by Metchev et al. (2015) or Heinze
et al. (2015) unless the object were not variable at the
time of the observations, or unless its rotation axis is
strongly inclined so as to hinder the detection of pho-
tometric modulations caused by spots that are either
always or never visible. Regardless, the combination of
strong but unvarying Hα emission and the lack of optical
and infrared photometric variability at multiple epochs
suggests that the Hα emission mechanism is unrelated
to rotationally modulated variability.
4.2. Neutral lithium absorption
Three of our targets (J0103+19, J1821+14, and
J2148+40) show strong lithium absorption at 6708 A˚, as
already reported in their discovery papers (Kirkpatrick
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Figure 3. Normalized spectra of J1254–01 zoomed in the Hα
line, taken in 2014 (March 9: black; May 4: blue; and May 5:
green). The Hα emission does not show any significant vari-
ation in the ∼2 months that separate the first measurement
from the second and third ones.
et al. 2000; Looper et al. 2008). This confirms their
substellar nature and masses ≤ 0.060 M independently
of their age (Rebolo et al. 1992; Basri 2000; Kirkpatrick
et al. 2008). We measured their pEWs by integrating the
fluxes of the objects between 6695 A˚ and 6722 A˚. The
associated uncertainties and 3σ upper limits for the re-
maining 5 targets with no obvious absorption were com-
puted as for Hα emission in Section 4.1. These values
are also listed in Table 3. Our pEW measurements are in
good agreement with those presented in the correspond-
ing discovery papers of J0103+19 (12 A˚, Kirkpatrick
et al. 2000), J1821+14 (13.9 ± 0.4 A˚, Looper et al.
2008), and J2148+40 (12.1±0.6 A˚, Looper et al. 2008).
5. ENLARGING THE SAMPLE WITH PREVIOUS
STUDIES
The lack of Hα emission in our six variable targets
suggests that there is no evident correlation between the
existence of magnetic activity and photometric variabil-
ity. However, a larger sample is needed to attain more
robust conclusions. We searched the literature for all L
and T dwarfs with measurements of both optical spec-
tra containing the Hα region and optical or near-infrared
photometric monitoring lasting at least 2 h (comparable
to the shortest rotation periods observed in ultra-cool
dwarfs; Metchev et al. 2015) and photometric accuracy
≤5 %. We found 66 L and 20 T dwarfs that fulfill these
requirements. Combined with our eight targets, these
result in 73 L and 21 T dwarfs. Table 2 lists their full
identifiers, spectral types, indications of detection/non-
detection of Hα and photometric variability, rotation
periods (if measured), filters for the photometric mon-
itoring, duration of monitoring, photometric accuracy,
and their references.
Table 4. Detections and non-detections of Hα or photomet-
ric variability in our combined sample of observed targets
and literature targets.
SpT range Objects YYa YNb NYc NNd
L0–L1.5 25 8 17 0 0
L2–L3.5 24 6 15 2 1
L4–L5.5 14 1 4 6 3
L6–L9.5 10 0 1 5 4
T0–T4 11 0 1 6 4
T4.5–T8 10 1 1 2 6
Notes: a Objects with both Hα emission and photometric
variability.
b Objects with Hα emission but without photometric variability.
c Objects without Hα emission, but with photometric variability;
d Objects displaying neither Hα emission nor photometric variability.
We visually inspected the light curves of each of these
objects to check that they display a convincing variable
or non-variable (“flat”) light curve within the photomet-
ric error as claimed in their references, and similarly for
the detections of Hα emission. Given the large number
of groups that have contributed to the information listed
in Table 2, the range of spectroscopic and photometric
accuracies is wide. The homogenization of these ranges
is not a trivial task, and we did not attempt to apply
any sensitivity correction. The following discussion is
based simply on the number of objects with reported
detections or non-detections of either Hα emission or
photometric variability. All of the statistics that are dis-
cussed below are also synthesized in Table 4, where we
provide the combined number of objects from our sur-
vey and from the literature in a series of spectral type
bins: L0–L1.5, L2–L3.5, L4–L5.5, L6–L9.5, T0–T4, and
T4.5–T8. For each of these bins Table 4 lists the number
of objects that are reported to show Hα emission with
or without photometric variability, and the number of
objects that are reported to photometrically vary with
or without Hα emission.
6. DISCUSSION OF Hα EMISSION AND
PHOTOMETRIC VARIABILITY
Armed with the expanded statistics of the enlarged
sample, we address two related questions: (1) whether
a single mechanism can explain both Hα emission and
photometric variability across all L and T dwarfs (Sec-
tion 6.1), and (2) whether Hα emission may still be
correlated with the detection of photometric variabil-
ity in early L dwarfs (Section 6.2). We then discuss how
the Hα emission and the photometric variability mech-
anisms may differ (Section 6.3).
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6.1. No single mechanism for Hα emission and
photometric variability across L and T dwarfs
The top panel of Figure 4 shows the detection rates of
Hα emission and photometric variability per spectral bin
(Table 4); the ratio of these two rates is also shown. The
Hα emission rate is close to 100% at L0–L3.5 types, and
drops to ≤35% at spectral types ≥L4. In contrast, the
rate of detected photometric variability is approximately
unchanged, between 30–50% across all spectral types as
already reported by Buenzli et al. (2014) and Metchev
et al. (2015).
We use the Kolmogorov-Smirnov (K-S) two-sample
test (Wall & Jenkins 2003) to test if these observables
arise from a common distribution function or are statis-
tically different. The cumulative frequency distributions
(CFDs) for the Hα and photometric variability detec-
tions are shown in the bottom panel of Figure 4. The
K-S test rejects the null hypothesis—that both observ-
ables are drawn from the same parent distribution—at
the 99.9 % level. We conclude that a single mechanism
can not explain the presence of both Hα emission and
photometric variability in L0–T8 dwarfs.
6.2. No enhanced photometric variability in
Hα-emitting early-L dwarfs
The bottom panel of Figure 4 affirms that the maxi-
mum change in the relative frequencies of Hα emission
and photometric variability occurs at spectral type L3.5.
We test whether the proportions of Hα emission for L0–
L3.5 dwarfs (p1) and L4–T8 dwarfs (p2) are statisti-
cally different by using a classical two-tailed hypothesis
test (Feigelson & Babu 2012), which assumes p1 = p2
as the null hypothesis, and p1 6= p2 as the alterna-
tive. For this test, the null hypothesis is rejected with
a confidence of 99.9 % if the test statistic, z, satisfies:
z = (p1−p2)/
√
p1×(1−p1)
n1
+ p2×(1−p2)n2 ≥ 3.29, where n1
and n2 are the total number of ultra-cool dwarfs in the
L0–L3.5 and L4–T8 spectral ranges, respectively. From
Table 4, p1 = 46/49 and p2 = 9/45, which results in
z = 10.7. Thus, we can reject the null hypothesis that
the rate of Hα detections is the same in the spectral
ranges L0–L3.5 and L4–T8 with a confidence of >99.9
%.
The drop in the detection rate of Hα activity at ≥L4
spectral types has also been reported by Schmidt et al.
(2015). These authors note that the activity fraction
increases from early M dwarfs peaking at L0—where 90
% of dwarfs seem to be active—and then drops to be-
ing negligible, or below their detection limits, for L4–L8
dwarfs. It may be argued that cooler brown dwarfs are
intrinsically fainter, and hence Hα emission may be more
difficult to detect. However, the same argument should
then hold for the detectability of photometric variations.
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Figure 4. Top: Detection statistics of Hα emission (dark
gray) and photometric variability (light gray) as a function
of spectral type. The numbers of objects in each bin are
given above the horizontal lines at the top. The numbers
of objects with Hα emission or photometric variability are
given above their respective histogram bars. Black dots de-
note the ratios of objects with Hα emission over objects with
photometric variability per bin (y-axis on the right). Bot-
tom: Cumulative frequency distributions (CFD) of the Hα
emission and photometric variability statistics. The great-
est difference between the two CFDs occurs at spectral type
L3.5 (shown with a vertical dashed line).
We note that similar proportions of Hα-emitting ultra-
cool dwarfs lack detected photometric variability in the
L0–L3.5 (32 out of 46) and in the L4–T8 (7 out of 9)
ranges.1 These proportions would be expected to be
different if SNR played a role. If target brightness mat-
1 These proportions correspond to the YN/(YY + YN) ratio
formed from Table 4, summed over the two spectral type ranges.
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tered, we should be seeing higher incidence of photomet-
ric variability among targets with Hα detections.
We conclude that the elevated Hα activity among L0–
L3.5 dwarfs is not linked to a higher incidence of photo-
metric variability. This conclusion is based on the statis-
tics of our enlarged sample, but it is also supported by
observations and radiative transfer models (Section 1)
that probe that photometric variability cannot be ex-
plained solely by localized heating from reconnection
events.
6.3. Disentangling the Hα emission and photometric
variability mechanisms
The conclusions from Sections 6.1 and 6.2 indicate
that Hα emission and photometric variability in L–T
dwarfs are driven by distinct mechanisms.
A likely explanation for the decrease in Hα activity
toward later L types is the strong increase of atmo-
spheric resistivity at effective temperatures <2300 K
(i.e. spectral types cooler than M9/L0, Mohanty et al.
2002). As the number of collisions between neutral and
charged particles (from atomic ionization) increases with
dropping effective temperature, the collisions hinder the
generation and transport of currents through the atmo-
sphere. The result is a reduction in the energy avail-
able to support a chromosphere and in the generation
of Hα emission. For spectral types ≥L4 the resistivity
is so high that activity drops severely. The sporadic
detections of activity in this range could be the result
of the interaction of dust particles that partially ionize
the surrounding medium, leading to transient chromo-
spheric features and Hα emission (Helling et al. 2011,
2013).
As much as magnetic activity is an attractive option
to account for photometric variability in Hα-emitting
objects, especially among early-L dwarfs, the ionization
levels of these atmospheres are so low that it is very
unlikely that the magnetic field is coupled to the at-
mosphere. Thus, magnetic fields will not either drive
cloud formation or drag structures in the atmosphere
with it, which can explain why the detection rate of
photometric variability is similar across the L0–T8 spec-
tral range, and not larger for the earliest L dwarfs given
their higher activity rate. Moreover, observations at op-
tical and near-infrared wavelengths probe low-pressure
regions in the atmosphere typically from ∼0.1 to 10 bar
(Allard et al. 2001; Madhusudhan et al. 2011; Yang et al.
2016), in which the radiative timescales are expected to
be short: a thermal incursion introduced by reconnec-
tion events is expected to decay in a ∼1 h timescale as
seen, for example, in the flares presented by Gizis et al.
(2013) and Burgasser et al. (2015b). Because of this,
localized heating cannot be responsible for the struc-
tures that are seen over significantly longer timescales
on many ultra-cool dwarfs.
Conversely, given the similar photometric variability
detection rates from L0 to T8 dwarfs, the dominant
mechanism for producing large-amplitude photometric
variations may be the same throughout: dust clouds. In
fact, there is evidence that dust clouds—predicted to be
present in dwarfs ≥M7 (Tsuji et al. 1996)—are impor-
tant in late-M dwarfs and early-L dwarfs. For example,
the M9 dwarf TVLM 513–46546 harbors a multipolar
magnetic field with intensities as high as 3 kG (Berger
et al. 2008), and displays both an optical light curve,
that has remained stable for at least 5 yr (Harding et al.
2013), and radio emission (Hallinan et al. 2007). While
these characteristics hint at a role for the magnetic field
in setting the inhomogeneities by means, for example, of
optical and radio aurorae (Hallinan et al. 2015; Kao et al.
2016), Littlefair et al. (2008) showed that the dwarf’s
Sloan-g and Sloan-i light curves are anti-correlated: a
fact that is incompatible with a star spot scenario and
is better explained with the existence of a dust cloud.
In addition, Miles-Pa´ez et al. (2015) found that the I
band linear polarimetric light curve of TVLM 513–46546
changes from ≤0.3 % to ∼1.3 %, with the same peri-
odicity as the photometric variations, which is better
explained by a dust cloud located at the photosphere.
Other two examples of early L dwarfs displaying both
magnetic activity and photometric variability (Heinze
et al. 2013; Gizis et al. 2015) were presented in Section
1. In both cases, the best explanation for the observed
variability invokes the existence of a dust cloud. Simi-
larly for cooler spectral types, Apai et al. (2013) showed
that the variations of the Hubble Space Telescope near-
infrared spectra of two L/T dwarfs are better explained
by the combination of variations of both temperature
and clouds.
7. CONCLUSIONS
We searched for Hα emission in a sample of eight L3–
T2 dwarfs, all of which had been monitored to a high
precision photometrically for 16–21 h in the [3.6] and
[4.5] Spitzer bands, to seek a correlation between mag-
netic activity and photometric variability. We detected
Hα emission only in the T2 dwarf J1254–01, which has
not been reported as a photometric variable in the liter-
ature at either optical or infrared wavelengths. Its Hα
emission feature is constant within our observational ac-
curacy for ∼2 months, and there is a hint that it could
have remained nearly unchanged for at least 13.3 years.
Among the remaining seven L dwarfs of our survey, six
are known to vary photometrically, yet did not display
any Hα emission.
We expanded our initial sample with data from the
literature, yielding a total sample of 94 L and T dwarfs
with both spectroscopic measurements containing the
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Hα region and with photometric monitoring for at least
2 h at optical and infrared wavelengths. We found
that the observed rates of Hα emission and photomet-
ric variability follow significantly different dependen-
cies as a function of spectral type. The Hα detec-
tion rate drops sharply from 88%–100% at ≤L3.5 to
<35% at ≥L4, while the detection rate of photometric
variability is roughly uniform (30%–55%) over L0–T8.
The disparate behavior of Hα emission and photometric
variability—both in our high-sensitivity mini-sample of
eight L3–T2 dwarfs and in the broader meta-sample of
94 L0–T8 dwarfs—indicates that these two phenomena
are uncorrelated. Consequently, even early-L dwarfs,
among which Hα emission is nearly ubiquitous, likely
have their largest photometric variations driven by dust
clouds. These conclusions are supported by previous
multi-wavelength analyses of variable M9–L3 dwarfs,
which disfavor hot chromospheric spots as drivers for
the photometric variability.
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Table 2. Hα and photometric variability detections and non-detections in the literature.
Object SpT Hα? Phot. var.? Rot. Per. (h) Filter Duration (h) σphot (%) Ref.
(1) (2) (3) (4) (5) (6) (7) (8) (9)
2MASS J00584253−0651239 L0 Y N · · · I Cousins 2.6 1.2 3, 29
2MASS J03140344+1603056 L0 Y N · · · I Cousins 2.0 0.7 21, 29
2MASS J11593850+0057268 L0 Y N · · · I Cousins 3.0 0.6 21, 29
2MASS J22000201−3038327 L0 Y N · · · I Cousins 3.2 4.4 21, 29
2MASS J07464256+2000321A L0.5 Y Y 3.32±0.15 I 61.6a 0.3a 21, 30
2MASS J14122449+1633115 L0.5 Y N · · · I Cousins 3.3 1.6 21, 7
2MASS J14413716−0945590 L0.5 Y N · · · I Cousins 8.2 1.2 28, 29
2MASS J23515044−2537367B L0.5 Y Y · · · I Cousins 7.0 0.9 21, 29
2MASS J10224821+5825453 L1 Y Y · · · Sloan i 3.5 1.4 21, 38
2MASS J1045240−014957 L1 Y N · · · I Cousins 6.7 0.6 28, 29
2MASS J10484281+0111580 L1 Y Y · · · I Cousins 2.6 1.0 21, 29
2MASSW J1108307+683017 L1 Y N · · · Sloan i 4.5 1.0 4, 38
2MASS J14392836+1929149 L1 Y N · · · R, I Cousins 6.8, 1.2 1.1, 0.9 5, 9, 15, 21, 29
2MASS J15551573−0956055 L1 Y N · · · I Cousins 11.1b 0.5 16, 21
WISEP J190648.47+401106.8 L1 Y Y 8.9 h Kepler 2.3 yr 0.5 40
2MASS J1300425 + 191235 L1 Y Y · · · R, I Cousinsc 5.6, 22.9 1.1, 1.4 7, 15, 17, 28, 33
2MASSI J0829066+145622 L1 Y N · · · I Cousins 3.2 0.8 29, 36
DENIS J090957.1−065806 L1 Y N · · · I Cousins 6.3 0.9 8, 29, 41
2MASS J11455714+2317297 L1.5 Y Y · · · I Cousins 9.3 1.8 5, 21
2MASS J1334062+194035 L1.5 Y Y · · · I Cousins 6.8 1.8 5, 28
2MASS J16452211−1319516 L1.5 Y N · · · I Cousins 3.1 1.0 11, 21
2MASS J20575409−0252302 L1.5 Y N · · · I Cousins 4.4 1.0 11, 17, 21
2MASSW J0832045−012835 L1.5 Y N · · · I Cousins 2.0 1.1 3, 29
2MASSW J0135358+120522 L1.5 Y N · · · Sloan i 2.2 1.8 3, 38
DENIS J174534.6−164053 L1.5 Y N · · · I Cousins 2.7 1.4 29, 41
2MASS J08283419−1309198 L2 Y Y 2.9 I Cousins 11.4d 1.3 14, 21
2MASS J0921141−210444 L2 Y Y · · · R, I Cousins 1.4, 1.4 1.8, 1.0 28, 29
2MASS J11553952−3727350 L2 Y Y ∼8 I Cousins 23.8e 0.5 11, 21
Kelu−1 L2 Y Y 1.8±0.05 I 13.0f 0.1 8, 12, 21
2MASS J00154476+3516026 L2 Y N · · · Sloan i 2.8 0.5 3, 38
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Table 2 (continued)
Object SpT Hα? Phot. var.? Rot. Per. (h) Filter Duration (h) σphot (%) Ref.
(1) (2) (3) (4) (5) (6) (7) (8) (9)
2MASSW J0030438+313932 L2 Y N · · · I 4.9 2.3 1, 5
2MASSI J0847287−153237 L2 Y N · · · I Cousins 7.6 1.0 29, 41
2MASSI J1726000+153819 L2 N N · · · [3.6], [4.5] 14, 7 0.29, 0.49 3, 37
2MASSW J2208136+292121 L2 N Y 3.5±0.2 [3.6], [4.5] 14, 7 0.07, 0.11 3, 37
2MASS J05233822−1403022 L2.5 Y N · · · I Cousins 7.0 0.8 21, 29, 33
2MASS J10292165+1626526 L2.5 Y N · · · R, I 2.5, 2.2 1.8, 1.1 19, 21
2MASS J1047310181557 L2.5 Y N · · · R, I Cousins 3.5, 13.6g 2.3, 1.0 28, 29
DENIS J081231.6−244442 L2.5 Y N · · · R, I Cousins 3.4, 5.7 2.5, 0.9 41, 29
2MASS J10584787−1548172 L3 Y Y 4.1±0.2 [3.6], [4.5] 8, 6 0.2, 0.2 1, 37
2MASS J0913032+184150 L3 Y N · · · I 5.4 3.5 5, 28
2MASS J1203581+001550 L3 Y N · · · I 6.8 0.6 5, 28
2MASS J15065441+1321060 L3 Y N · · · R, I 4.5, 5.2 1.8, 0.9 4, 19, 21
2MASS J1615441+355900 L3 Y N · · · I Cousins 3.6 6.0 7, 28
2MASS J2104149103736 L3 Y N · · · I Cousins 16.4h 1.1 28, 29
2MASS J08355829+0548308 L3 Y N · · · I Cousins 6.5 1.5 29, 36
2MASS J11463449+2230527 L3 Y N · · · I 3.9 1.0 5, 36
2MASS J03261367+2950152 L3.5 Y N · · · I 2.5 1.6 1, 5
2MASS J00361617+1821104 L3.5 Y Y 2.7±0.3 I, [3.6], [4.5] 10.5, 8, 6 0.9, 0.1, 0.1 30, 37, 43
2MASS J1705483051646 L4 Y N · · · J 3.04 0.02 28, 45
2MASS J161542552+49532117 L4 N Y 24 I 3.6 5.9 7, 28
DENIS 1228−1547 L4.5 Y N · · · I Cousins, J 4.3, 3.4 1.3, 0.7 12, 29, 33, 44
2MASSW J2224438−015852 L4.5 Y N · · · [3.6], [4.5] 12, 8 0.14, 0.14 3, 37
2MASS J131530942649513 L5 Y N · · · I Cousins 2.9 1.3 27, 29
2MASS J01443536−0716142 L5 Y Y aperiodic I Cousins 14.5k 1.5 13, 29
2MASSI J0421072−630602 L5 N N · · · [3.6], [4.5] 14, 7 0.2, 0.2 24, 37
2MASSW J0820299+450031 L5 N N · · · [3.6], [4.5] 14, 7 0.4, 0.4 3, 37
DENIS−P J142527.97−365023.4 L5 N Y 3.7±0.8 J 3.24 0.02 18, 45
2MASSW J1507476−162738 L5 N Y 2.5±0.1 [3.6], [4.5] 12, 8 0.14, 0.14 3, 22, 28, 37
2MASS J11501322+0520124 L6 N N · · · [3.6], [4.5] 14, 7 0.5, 0.6 26, 37
2MASSI J0825196+211552 L7.5 N Y 7.6 [3.6], [4.5] 12, 9 0.14, 0.14 21, 37
2MASS J15450901+3555271 L7.5 N N · · · [3.6], [4.5] 14, 7 0.8, 0.9 26, 37
Luhman 16A L7.5 N Y ∼4.5–5.5 RIzY JHKs several epochs 0.1–1.5 31, 34, 46, 47, 48
SDSS J042348.57041403.5 L7.5 Y N · · · J 3.57 0.02 43, 45
2MASS J01075242+0041563 L8 N Y Irregular [3.6], [4.5] 14, 7 0.3, 0.2 18, 37
2MASS J16322911+1904407 L8 N Y 3.9±0.2 [3.6], [4.5] 8, 6 0.4, 0.3 1, 37
2MASSI J0328426+230205 L9.5 N N · · · [3.6], [4.5] 14, 7 0.5, 0.6 3, 37
2MASS J15203974+3546210 T0 N N · · · [3.6], [4.5] 14, 7 0.3, 0.4 26, 37
2MASS J15164306+3053443 T0.5 N Y 6.7 [3.6], [4.5] 14, 7 0.4, 0.5 26, 37
Luhman 16B T0.5 N Y 4.87±0.01 RIzY JHKs several epochs 0.1–1.5 31, 34, 46, 47, 48
2MASS J08583467+3256275 T1 N N · · · [3.6], [4.5] 14, 7 0.3, 0.4 26, 37
2MASS J21392676+0220226 T2 N Y 7.72 J 2.5 0.05 43, 45
SDSS J075840.33+324723.4 T2 N Y 4.9±0.2 J 3.54 0.02 43, 45
2MASS J120956131−10040081 T2+T7.5 N N · · · [3.6], [4.5] 14, 7 0.7, 0.7 37, 43
SIMP J013656.5+093347.3 T2.5 N Y 2.3895±0.0005 J 4 nights 0.5 25, 43
SIMP J162918.41+033537.0 T3 N Y 6.9±2.4 J 4.03 0.01 43, 45
SDSS J102109.69−030420.1 T4 N N · · · J 3.17 0.7 23, 33, 43
2MASS J055919141404488 T4.5/T5 N N · · · J 3.52 0.07 43, 45
2MASSI J2254188+312349 T5 N N · · · [3.6], [4.5] 14, 7 0.7, 0.7 37, 43
2MASS J12255432−2739466 T6 N N · · · J 2.85 0.7 33, 43
2MASSI J1534498−295227 T6 N N · · · J 3.88 0.7 33, 43
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Table 2 (continued)
Object SpT Hα? Phot. var.? Rot. Per. (h) Filter Duration (h) σphot (%) Ref.
(1) (2) (3) (4) (5) (6) (7) (8) (9)
SDSSp J162414.37+002915.6 T6/T6 N N · · · I 4 nights 4.4 35, 43
2MASSW J1047539+212423 T7 Y N 1.77ll J 9.9l 1.1 39, 43
2MASS J12171110−0311131 T7 N Y · · · J 3.2 0.07 43, 45
2MASS J12373919+6526148 T7 Y Y · · · J 2.5 2.3 6, 43
2MASSI J0415195−093506 T8 N Y · · · J 3.79 0.01 43, 45
2MASS J07271824+1710012 T7/T8 N N · · · J 5.0 1.1 32, 43
Notes: a Total duration for 11 different observing epochs of ∼6 h each with an average photometric error is 0.3%; b Total duration for 3 different
observing epochs with an average photometric error of 0.5%; c R- and I-band data taken from references 15 and 7, respectively; d Four runs with
lengths of 2–3.8 h each and a typical photometric error of 1.3 %; e Five runs with lengths of 1.7–6.8 h each and a typical photometric error of 0.5 %;
f Five runs with lengths of 1.0–5 h each; g I-band data consists of 4 runs of 1.6–5.3 h each; h Total time for 3 runs of 4.4–6.2 h each; i Total time
for 3 runs of 3.8 h each; j Total time for 3 runs of 4.2–5.3 h each; k Total time for 3 runs of 4.5–5.4 h each; l Total time for 5 runs using different
telescopes with a typical photometric error of 1.1%; ll Rotation period derived from radio observations (Williams & Berger 2015).
References. (1) Kirkpatrick et al. (1999); (2) Fan et al. (2000); (3) Kirkpatrick et al. (2000); (4) Gizis et al. (2000); (5) Bailer-Jones & Mundt
(2001); (6) Burgasser et al. (2002); (7) Gelino et al. (2002); (8) Clarke et al. (2002); (9) Bailer-Jones & Lamm (2003); (10) Burgasser et al. (2003);
(11) Koen (2003); (12) Mohanty & Basri (2003); (13) Liebert et al. (2003); (14) Koen (2004); (15) Maiti et al. (2005); (16) Koen (2005); (17)
Littlefair et al. (2006); (18) Schmidt et al. (2007); (19) Maiti (2007); (20) Riaz & Gizis (2007); (21) Reiners & Basri (2008); (22) Blake et al. (2008);
(23) Kirkpatrick et al. (2008); (24) Cruz et al. (2009); (25) Artigau et al. (2009); (26) Schmidt et al. (2010); (27) Burgasser et al. (2011); (28)
McLean et al. (2012); (29) Koen (2013); (30) Harding et al. (2013); (31) Gillon et al. (2013); (32) Girardin et al. (2013); (33) Wilson et al. (2014);
(34) Faherty et al. (2014); (35) Heinze et al. (2015); (36) Schmidt et al. (2015); (37) Metchev et al. (2015); (38) Ramsay et al. (2015); (39) Rajan
et al. (2015); (40) Gizis et al. (2015); (41) Burgasser et al. (2015a); (42) Williams & Berger (2015); (43) Pineda et al. (2016); (44) Radigan (2014);
(45) Radigan et al. (2014); (46) Biller et al. (2013); (47) Buenzli et al. (2015); (48) Karalidi et al. (2016).
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